
704

Journal of Strength and Conditioning Research, 2003, 17(4), 704–709
q 2003 National Strength & Conditioning Association

Effects of Plyometric Training and Recovery on
Vertical Jump Performance and Anaerobic Power

PAUL E. LUEBBERS,1 JEFFREY A. POTTEIGER,1 MATHEW W. HULVER,2
JOHN P. THYFAULT,2 MICHAEL J. CARPER,3 AND ROBERT H. LOCKWOOD3

1Health and Human Performance Laboratory, Virginia Commonwealth University, Richmond, Virginia 23284;
2Department of Physiology, Brody School of Medicine, East Carolina University, Greenville, North Carolina
27858; 3University of Kansas, Department of Health, Sport and Exercise Sciences, Lawrence, Kansas 66044.

ABSTRACT

We examined the effects of 2 plyometric training programs,
equalized for training volume, followed by a 4-week recov-
ery period of no plyometric training on anaerobic power and
vertical jump performance. Physically active, college-aged
men were randomly assigned to either a 4-week (n 5 19,
weight 5 73.4 6 7.5 kg) or a 7-week (n 5 19, weight 5 80.1
6 12.5 kg) program. Vertical jump height, vertical jump
power, and anaerobic power via the Margaria staircase test
were measured pretraining (PRE), immediately posttraining
(POST), and 4 weeks posttraining (POST-4). Vertical jump
height decreased in the 4-week group PRE (67.8 6 7.9 cm)
to POST (65.4 6 7.8 cm). Vertical jump height increased from
PRE to POST-4 in 4-week (67.8 6 7.9 to 69.7 6 7.6 cm) and
7-week (64.6 6 6.2 to 67.2 6 7.6 cm) training programs. Ver-
tical jump power decreased in the 4-week group from PRE
(8,660.0 6 546.5 W) to POST (8,541.6 6 557.4 W) with no
change in the 7-week group. Vertical jump power increased
PRE to POST-4 in 4-week (8,660.0 6 546.5 W to 8,793.6 6
541.4 W) and 7-week (8,702.8 6 527.4 W to 8,931.5 6 537.6
W) training programs. Anaerobic power improved in the 7-
week group from PRE (1,121.9 6 174.7 W) to POST (1,192.2
6 189.1 W) but not the 4-week group. Anaerobic power sig-
nificantly improved PRE to POST-4 in both groups. There
were no significant differences between the 2 training
groups. Four-week and 7-week plyometric programs are
equally effective for improving vertical jump height, vertical
jump power, and anaerobic power when followed by a 4-
week recovery period. However, a 4-week program may not
be as effective as a 7-week program if the recovery period
is not employed.
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Introduction

The ability to produce explosive lower-body power
can be an important factor in the performance of

many athletic activities. Sports that require jumping,
throwing, or sprinting rely heavily on the strength-
speed or power of the athlete (1, 3, 19, 22). Plyometrics
are used to improve power output and increase explo-
siveness (1) by training the muscles to do more work
in a shorter amount of time (12). This is accomplished
by optimizing the stretch-shortening cycle, which oc-
curs when the active muscle switches from a rapid
eccentric muscle action (deceleration) to a rapid con-
centric muscle action (acceleration; 14, 19, 22). The rap-
id eccentric movement creates a stretch reflex that pro-
duces a more forceful concentric muscle action (14, 22)
than could otherwise be generated from a resting po-
sition (19). The faster the muscle is stretched, the great-
er the force produced, and the more powerful the mus-
cle movement (5, 22). Plyometric exercises that exploit
the stretch-shortening cycle have been shown to en-
hance the performance of the concentric phase of the
movement (8) and increase power output (11). Tradi-
tionally, plyometric exercises include variations of
bounding, hopping, and jumping drills. However, true
plyometric training requires the rapid prestretch (ec-
centric movement) of the muscle and maximal effort
of the athlete during the concentric muscle action. This
type of plyometric training can be found in various
forms of depth jumps and box jumps (14).

The effects of plyometric training on performance
enhancement have been studied for several years. The
literature spans a wide variety of assessments, includ-
ing the effects of plyometrics on athletes and nonath-
letes (22), on aerobic performance (19), and on muscle
fiber size (19), as well as its effectiveness as a stand-
alone training program (6, 22) or as part of a combined
program concurrent with aerobic training (19); resis-
tance training (5, 6, 23); or electrostimulation (18). Re-
search has found plyometrics to be effective in increas-
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ing muscle power output (12) and vertical jump per-
formance (24).

To our knowledge, no studies have addressed the
effects of different durations of a plyometric training
program on improvements in power output. From a
training perspective, it is important to determine the
appropriate training duration necessary to elicit peak
athletic performance. We also want to know if the ab-
sence of plyometric training during a recovery period
would influence vertical jump performance and anaer-
obic power. The purpose of this study was to deter-
mine the effects of a 4-week and a 7-week plyometric
training program followed by a 4-week recovery pe-
riod of no plyometric training on vertical jump per-
formance and anaerobic power.

Methods
Experimental Approach to the Problem
The present study was conducted to compare the ef-
fects of 2 equal volume plyometric training programs
of different time duration on vertical jump perfor-
mance and anaerobic power. A 7-week training period
was selected because this length of time is similar to
the length of many summer or preseason plyometric
programs. Furthermore, a 7-week plyometric program
is similar in length to several plyometric training stud-
ies that have shown positive effects on anaerobic per-
formance (1, 4, 12, 16, 19, 20). A 4-week training pe-
riod was utilized for comparison because it would al-
low for proper neuromuscular adaptations to occur.
Additionally, it would be a short enough period of
time for a practical comparison of the 7-week pro-
gram. The training volume between the 2 groups was
controlled for by equating the number of repetitions
or distances covered for their respective exercises. Ad-
ditional physical activity was controlled during the
study as well as during the posttraining 4-week re-
covery period.

A control group was not utilized for this study.
Numerous studies have shown that plyometrics are ef-
fective for improving anaerobic power output and ver-
tical jump performance. The intent of this plyometric
study was to compare the effects of different program
durations of equal work volume on these variables.
Since time, or program duration, was the independent
variable, we elected not to employ a control group.

Subjects
Thirty-eight physically active young men volunteered
for participation in the study. They were randomly as-
signed to 1 of 2 groups: a 4-week training group (n 5
19) or a 7-week training group (n 5 19). None of the
subjects had participated in any type of structured
plyometric training program prior to the study. All
subjects had been consistently performing resistance
training for at least 3 months before the beginning of
the plyometric training. A verbal explanation of the

study was given to each subject; the subject then pro-
vided written informed consent in accordance with the
university guidelines for human experimentation. The
subjects also completed a medical history question-
naire and were deemed healthy by the criteria set forth
by the American College of Sports Medicine.

Study Design

Each subject made a total of 3 visits to the exercise
physiology laboratory during this study. The first visit
was for collection of pretraining data (PRE). After the
initial visit, subjects were randomly assigned to a
training group. The plyometric training program be-
gan within 1 week of the initial data collection. The
second and third visits occurred immediately post-
training (POST) and 4 weeks posttraining (POST-4).
Body composition was assessed, and the vertical jump
and the Margaria power tests were administered dur-
ing each of the 3 visits.

Pretest and Posttest Measurements

For each visit to the laboratory, subjects were instruct-
ed to refrain from exercise for 48 hours and caffeine
24 hours prior to testing. All tests were conducted in
the following order on each visit: body composition,
vertical jump, and the Margaria test.

Body composition was assessed by skinfold caliper
measurement. The same trained technician measured
each subject using a Lange caliper (Beta Technology
Inc., Cambridge, MA). Three measurements were tak-
en at the triceps, biceps, subscapula, abdominal, su-
prailiac, thigh, and calf with percent body fat (%FAT)
calculated accordingly (15).

Vertical jump height was measured using the
jump-and-reach method with an adjustable measuring
apparatus (Vertech, Inc., Falls Church, VA). All subjects
completed a controlled warm-up consisting of jogging
and stretching and 3 practice jumps at submaximal
effort. Each subject was allowed 3 test jumps with a
3-minute recovery between each jump. Subjects were
allowed a countermovement with the arms and legs
for each jump. The test-retest intraclass correlation co-
efficient for vertical jump height was 0.9608 (a 5
0.9800). The highest jump of the 3 was used to deter-
mine vertical jump peak power via the formula of Har-
mon et al. (10). The test-retest intraclass correlation co-
efficient for vertical jump power was 0.9754 (a 5
0.9875).

The Margaria staircase power test was conducted
using 2 switch mats placed on the eighth and 12th
steps of an 18-step staircase. Each subject completed a
controlled warm-up consisting of stretching and 3
practice trials. The subjects started 2 m from the base
of the stairs. The subjects then sprinted up the stair-
case 2 steps at a time. The switch mats automatically
recorded the time taken between the subjects’ fourth
and sixth steps. The power output was calculated by
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Table 1. Plyometric training program used in the 4-week and 7-week training groups.

Task

Weeks

1 2 3 4 5 6 7

4-Week group
Vertical jumping*
Bounding†
Broad jumping†
Depth jumping*

15 (10)
3 (30 m)
5 (15 m)
3 (5)

20 (10)
5 (30 m)
5 (30 m)
5 (9)

25 (10)
7 (30 m)
7 (30 m)
6 (15)

25 (10)

8 (30 m)
6 (15)

7-Week group
Vertical jumping*
Bounding†
Broad jumping†
Depth jumping*

5 (10)
3 (30 m)
1 (15 m)

9 (10)
4 (30 m)
2 (30 m)

11 (10)
4 (30 m)
4 (30 m)
2 (10)

13 (10)
3 (30 m)
4 (30 m)
3 (10)

13 (10)
1 (30 m)
4 (30 m)
6 (10)

17 (10)

4 (30 m)
6 (10)

17 (10)

4 (30 m)
7 (10)

* Number of sets followed by repetitions.
† Number of sets followed by distance.

using the following formula: P 5 (W·D)/t, where P 5
power in watts, W 5 body weight in kilograms, D 5
vertical height between stairs, and t 5 time in seconds
(17). The test-retest intraclass correlation coefficient for
the Margaria staircase anaerobic power test was 0.8390
(a 5 0.9124).

After completion of all pretest measurements, sub-
jects were randomly assigned to 1 of 2 training groups.
Group 1 (n 5 19) performed plyometric training for 4
weeks. Group 2 (n 5 19) performed plyometric train-
ing for 7 weeks. The training programs were adjusted
so that the total training volume was equal between
the 2 groups.

Plyometric Training Program
The jump training exercises were performed 3 days
per week. The intensity for all exercises was maximal,
with changes in the number of sets and repetitions
occurring with each session. The plyometric training
included 2-legged vertical jumps, tuck jumps, 2-legged
broad jumps, 1- and 2-legged bounding, and depth
jumps completed from a height of 40 cm. During the
bounding and depth jump exercises, subjects were in-
structed to minimize ground contact. Instructions for
all other exercises were to attain maximal height dur-
ing muscle movement. The recovery time between rep-
etitions and sets was 15–30 seconds.

Equal work volume between the 2 groups was con-
trolled by equating the total number of repetitions per-
formed for each jumping activity and the total meters
covered during the bounding. The program totals
were as follows: vertical jumps 5 850 repetitions,
bounding 5 450 m, broad jumping 5 675 m, and depth
jumping 5 240 repetitions. Weekly summaries of each
of the training programs are shown in Table 1.

Additional physical training beyond normal daily
activity was not allowed for either group. The groups
were also instructed to continue their usual dietary

habits throughout the study. Each group completed
posttest measurements 48 hours after cessation of their
program and again after an additional 4-week recov-
ery period. The same testing schedule and procedures
as used for initial pretesting were followed. No control
was administered for physical activity or training dur-
ing the 4-week recovery period with the exception that
no plyometric exercises were to be performed.

Statistical Analyses

Paired t-tests were used to identify any significant dif-
ferences between groups at PRE in the dependent var-
iables. An analysis of covariance (ANCOVA) with the
PRE value as the covariate was used to determine sig-
nificant differences between groups for body fat. An
analysis of variance with repeated measures was used
to determine significant differences for vertical jump
height, vertical jump power, and anaerobic power via
the Margaria test between and within the 2 training
groups. Statistical significance was set at p # 0.05. All
values are reported as mean 6 standard deviation.

Results

Overall, subjects in the 4-week group were younger
and leaner than the 7-week group. There was a signif-
icant difference in age between the 2 groups (4-week
group, 20.4 6 1.6 years vs. 7-week group, 22.7 6 3.1
years). The results for body composition and body
mass are shown in Table 2. There was also a significant
difference in percent body fat between the 2 groups at
the beginning of the study. There were no significant
differences in body mass between the groups follow-
ing training. However, there was a significant differ-
ence within both groups. The 4-week group experi-
enced a 1.1% increase in body mass from PRE to
POST. The 7-week group experienced a 1.1% increase
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Table 2. Body mass and body composition in the 4-week
(n 5 19) and 7-week (n 5 19) training groups prior to and
following plyometric training (values are mean 6 SD).

Pre Post Post-4

Body mass (kg)
4-Week
7-Week

73.4 6 7.5
80.1 6 12.5

74.2 6 7.7*
80.9 6 12.9*

75.0 6 6.5
81.6 6 13.2*†

% Fat
4-Week
7-Week

8.8 6 3.2
11.6 6 4.3

8.6 6 3.2
11.7 6 4.2

8.5 6 2.7
11.9 6 4.3

* Significantly different than PRE.
† Significantly different than POST.

Table 3. Vertical jump height, vertical jump power, and Margaria power in the 4-week (n 5 19) and 7-week (n 5 19)
training groups prior to and following plyometric training (values are mean 6 SD).

Pre Post Post-4

Vertical jump height (cm)
4-Week
7-Week

67.8 6 7.9
64.6 6 6.2

65.4 6 7.8*
64.4 6 8.8

69.7 6 7.6*†
67.2 6 7.6*†

Vertical jump power (W)
4-Week
7-Week

8,660.0 6 546.5
8,702.8 6 527.4

8,541.6 6 557.4*
8,729.6 6 598.4

8,793.6 6 541.4*†
8,931.5 6 537.6*†

Margaria power (W)
4-Week
7-Week

1,070.6 6 107.6
1,121.9 6 174.7

1,110.4 6 133.1
1,192.2 6 189.1*

1,132.5 6 151.0*
1,211.9 6 172.6*

* Significantly different than PRE.
† Significantly different than POST.

in body mass PRE to POST and a 1.9% increase from
PRE to POST-4.

The results for vertical jump height are shown in
Table 3. Vertical jump height decreased in both groups
from PRE to POST training. There was a significant
3.5% decrease for the 4-week group and a 0.3% de-
crease for the 7-week group. However, both groups ex-
perienced significant increases from POST to POST-4.
The 4-week group increased vertical jump height by
6.5%, POST to POST-4, whereas the 7-week group in-
creased vertical jump height by 4.4% POST to POST-
4. Overall, both groups experienced significant in-
creases in vertical jump height when measured from
PRE to POST-4. The 4-week group had a mean in-
crease of 1.9 cm or 2.8%, whereas the 7-week group
had a mean increase of 2.6 cm or 4.0%. There was no
significant difference between the 2 groups for vertical
jump height.

The results for vertical jump power are shown in
Table 3. Vertical jump power decreased significantly
PRE to POST in the 4-week group, whereas there was
no change in vertical jump power from PRE to POST

in the 7-week group. Both groups had significant in-
creases from POST to POST-4; there were increases of
3.0% for the 4-week group and 2.3% for the 7-week
group. Both groups also experienced increases in ver-
tical jump power when measured PRE to POST-4. The
4-week group had a significant increase of 1.5%, and
the 7-week group had an increase of 2.6%. There were
no significant differences observed between groups for
vertical jump power.

The results for anaerobic power are shown in Table
3. Power, as measured by the Margaria staircase test,
increased in both groups from PRE to POST, but only
significantly within the 7-week group. Neither group
experienced significant increases in power when mea-
sured POST to POST-4. However, in both training
groups, power output increased significantly when
measured from PRE to POST-4. The 4-week group had
a 5.8% increase in anaerobic power output, and the 7-
week group had an 8.0% increase in anaerobic power
output. There were no significant differences between
the 2 groups for anaerobic power output.

Discussion

Plyometrics are a popular form of training for im-
proving vertical jump performance and anaerobic
power. However, little is know about the effectiveness
of different training durations on these parameters. As
with other forms of training, it is important to under-
stand the necessary duration to employ in order to
incur optimal results and avoid overtraining. No stud-
ies have examined the influence of recovery time be-
fore competition following this type of program.

In the present study, plyometric training programs
of both 4-week and 7-week durations, equalized for
training volume, resulted in significant increases in
vertical jump height, vertical jump power, and power
as measured by the Margaria staircase test. However,
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with the exception of the 7-week group’s Margaria
test, significant increases were only seen when used
in conjunction with a 4-week recovery period. When
measured immediately after cessation of the plyome-
tric training program, vertical jump height, vertical
jump power, and anaerobic power were not changed,
and in some instances decreases were observed.

The use of plyometric training has been advocated
for several years as a means of improving performance
in sports and activities in which lower-body power
plays a key role in success (6). During a plyometric
movement, the muscles undergo a very rapid switch
from the eccentric phase to the concentric phase. This
stretch-shortening cycle decreases the time of the am-
ortization phase that in turn allows for greater than
normal power production (12, 19). The muscles stored
elastic energy and stretch reflex response are essen-
tially exploited in this manner, permitting more work
to be done by the muscle during the concentric phase
of movement (11, 12). Training programs that have uti-
lized plyometric exercises have been shown to posi-
tively affect performance in power-related movements
such as jumping (4, 5, 12, 14) and speed (2, 7, 20). In
the present study, improvements were seen in vertical
jump height, vertical jump power, and Margaria pow-
er, which support these earlier studies.

The increases in power following a plyometric
training program could be due in part to increases in
muscle fiber size. Improvements in muscle force pro-
duction have been associated with increases in muscle
fiber size (9, 21). Although not measured in the pre-
sent study, earlier work in our laboratory has shown
that plyometric training can result in significant in-
creases in both Type I and Type II muscle fiber area
(19). The potential increase in muscle fiber size could
account for the observed increases in body mass with-
in the groups as well since there were no changes in
percent body fat within either group during the pro-
gram.

Improved muscle performance due to a plyometric
training program may also be due in part to increased
motor unit functioning. Previous studies have indicat-
ed that neuromuscular adaptations such as increased
inhibition of antagonist muscles as well as better ac-
tivation and cocontraction of synergistic muscles may
account for the improvements in power output (13, 16).
This may partially explain the differences observed in
the POST measurements between the groups. Both
groups experienced a decrease in vertical jump height
at POST, but only the decrease for the 4-week training
group was significant. The 4-week group also experi-
enced a significant decrease in vertical jump power at
POST, whereas the 7-week group experienced an in-
crease, although not statistically significant. In addi-
tion, both groups experienced an increase in power as
measured by the Margaria test, but the increase for the
7-week group was significant, whereas the increase for

the 4-week group was not. The additional 3 weeks of
training time may have allowed greater neuromuscu-
lar adaptations to occur in the 7-week group that may
not have been possible in the shorter training period
experienced by the 4-week group.

Another possible reason for the observed decreases
in the various POST measures in the 4-week training
group is that the subjects were most likely in a state
of overtraining. In addition to the potentially greater
neuromuscular adaptations, the 7-week training group
did not experience decreases (and in some cases in-
creases) because there was less of a state of overtrain-
ing. This is probably due to the fact that more work
was done in less time with the 4-week training group.

This study demonstrated the importance of a re-
covery period following a plyometrics program. Nei-
ther group displayed an improvement directly after
the training period, with the 4-week group actually
decreasing in performance. Therefore, the 4-week re-
covery period used in this study had a powerful effect
upon performance. This study did not examine the ex-
act amount of recovery time needed as we took mea-
sures only at posttraining and 4 weeks posttraining. It
is unclear whether results would have been better with
1, 2, 3, or even more weeks of recovery than what was
given. However, it is clear that a recovery period
should be included following plyometrics training. In
addition, when designing a plyometrics program, the
duration and volume of training should determine the
recovery period.

The total work volume for each program was
equaled by controlling the total number of repetitions
performed for each jumping activity and the total me-
ters covered during the bounding exercises. Although
the total work volume was accounted for, controlling
the intensity level proved more difficult. Plyometric
exercises require a maximum effort with every at-
tempt. The perception of maximal effort is subjective.
Verbal encouragement was used in an attempt to en-
sure maximal effort from every participant throughout
the duration of the program, but objective measure-
ments of maximal effort in this type of investigation
are prohibitive.

It should also be noted that no control was admin-
istered for the activity of subjects during the 4-week
recovery period. Although subjects were instructed to
not perform any plyometric training during the recov-
ery, the subjects were allowed to return to their normal
activities. We assume that the subjects returned to
their normal physical activity, which included resis-
tance training.

Finally, since the criteria required only 3 months of
consistent resistance training prior to inclusion in the
study, the subject’s fitness levels were not homoge-
nous. These differences could have affected the levels
of change observed during this study. It is possible
that subjects with similar training levels may experi-
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ence different effects than were seen in this study. It
would be interesting to see future studies in this area
conducted with a less diverse sample population.

Practical Applications

From a training perspective, it is important to deter-
mine appropriate training duration and posttraining
recovery that will facilitate peak performance. Achiev-
ing maximal power production is the goal of athletes
who participate in speed and power competitions. Ply-
ometric training programs have been shown to in-
crease an athlete’s anaerobic power output. The current
study provides the athlete and coach with insight into
utilizing plyometric training as a means of increasing
anaerobic power. These data indicate that a 4-week
plyometric training program may be as effective as a
7-week plyometric training program in improving ver-
tical jump performance, vertical jump power, and an-
aerobic power when a 4-week recovery period is uti-
lized. However, a 4-week program may not be as ef-
fective as a 7-week program if the recovery period is
not incorporated. In fact, a high volume of training in
a short period of time, as seen in the 4-week group,
significantly decreased performance when no recovery
period was employed. Therefore, the posttraining re-
covery time available prior to competition should be a
consideration in the implementation of a 4-week or 7-
week plyometric training program.
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